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5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to an image fomning 
10 apparatus . 

DESCRIPTION OF THE RELATED ART 

In a conventional image forming apparatus, as a 
15 transfer apparatus for electrostatically transferring a 
toner image on an image carrier onto a printing member, 
a corona transfer apparatus using corona discharge , a roller 
transfer apparatus that applies a transfer bias opposite 
in polarity to a toner onto a conductive elastic roller 
20 (i.e. a transfer roller) and electrostatically transfers 
the toner to a recording material, and a belt transfer 
apparatus that electrostatically adsorbs a printing member 
onto a belt -shaped body of rotation and transfers a toner 
image onto the printing member, etc. are widely used. 
25 In the above mentioned transf er apparatus , the roller 

transfer apparatus is widely used in recent years , because 
little ozone can be produced, and the configuration of the 
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±mage forming apparatus can be simplified in that a transfer 
roller can also be used as a carrying roller for transporting 
a printing member. 

Transfer bias control (i.e. voltage control) in a 
5 roller transfer apparatus will be explained below. 

PIG, 11 is a timing chart showing transfer bias control . 
In FIG. 11, solid line below shows the magnitude of 
transfer bias (i.e. voltage) at a transfer position that 
a toner image is transferred onto a printing member, and 
10 a rectangle above shows a position of the printing member. 
In FIG. 11 , a horizontal direction from left to right shows 
a timing axis. 

In FIG. 11, an image forming apparatus is on standby 
and starts to apply transfer bias to a transfer roller in 
15 response to receive such a command showing forming an image 
from an external apparatus, such as a host computer, and 
then becomes a state of being capable of forming an image. 

However, the start of applying transfer bias to the 
transfer roller is performed during initial rotation for 
20 rotating a photosensitive drum so that surface voltage of 
the photosensitive drum being on standby remains a constant 
value 

Then, the image forming apparatus, as an object of 
applying suitable transfer bias (i.e. voltage ) to a transfer 
25 roller 5 (see FIG.l stated below), controls transfer bias 
applied to a transfer roller 5 so as to become a predetermined 
electric current value from an electric current value flowed 
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into a photosensitive drum (i.e. an image carrier-) 1 (see 
FIG.1 stated below) from a transfer roller 5. 

Further, the image forming apparatus determines a 
transfer bias V t in the case of transferring a toner image 
5 onto the printing member on condition that a transfer bias 
value for application is set to V to when an electric current 
value flowed into a transfer roller 5 becomes a predetermined 
constant electric current value. However, V to is 300 Vdc 
to +4.5 KVr>c and V t is approximately +500 Vac to +6.0 KVdc* 
io In the image forming apparatus , transfer bias (i.e. 

voltage) applied to the transfer roller 5 is set to V to until 
the tip of the printing member P reaches to the transfer 
position. 

Then, transfer bias is changed from V to to V t at the 
15 timing that the tip of the printing member P reaches the 
transfer position. This switch timing is switched a little 
earlier than the timing that the tip of the printing member 
reaches to the transfer position talcing into account a rising 
characteristic (i.e. a time required from the state of 
20 non- applied voltage to applying constant voltage ) of a power 
supply applying transfer bias. 

In FIG. 11, the switch timing is switched 30 msec before 
the timing that the tip of the printing member reaches to 
the transfer position. However , generally, the switch 
25 timing is approximately 10 to 200 ms taking into 

consideration the rising characteristic of the power supply 
as well as variation in tolerance on the manufacturing stage 



of the power supply. 

The image forming apparatus changes the transfer bias 
from V to to V t . Thus, the transfer bias is set to V t when 
the printing member P is passing through the transfer 
5 position (i.e. during transfer period) and is set to V to 
after a rear end of the printing member P is passing through 
the transfer position. The timing that transfer bias is 
switched from V T to V to is equal to the timing that the rear 
end of the printing member P is passing through the transfer 

10 position. 

The above-mentioned operation allows the toner image 
on the photosensitive drum to be transferred onto the 
printing member P with an optimum transfer bias (i.e. 
voltage) according to variation in resistance of the 

15 transfer roller due to variation in the environment (such 
as temperature , humidity) including the image forming 
apparatus and due to variation in usage of the transfer 
roller - 

In the above operation of the image forming apparatus , 
20 the switch timing is set a little earlier (see 30 msec in 
FIG. 11) than the timing that the tip of the printing member 
reaches the transfer position taking into account such a 
variation in the rising characteristic of a power supply 
applying transfer bias. Thus, larger bias (i.e. voltage) 
25 than V to is applied to the transfer roller 5 after the transfer 
bias is switched from V to to V t until the tip of the printing 
member P reaches the transfer nip position. 
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As mentioned above/ the image forming apparatus 
applies the transfer roller 5 to the transfer bias in positive 
polarity and thus applies directly the transfer bias in 
positive polarity onto the surface of the photosensitive 
drum 1 when the printing member P is not positioned at the 
transfer position. 

On the other hand, after the photosensitive drum 1 
is passing through the transfer position, the image forming 
apparatus charges the surface of the photosensitive drum 
1 with constant voltage in negative polarity, thereby 
uniforming voltage on the surface of the photosensitive 
drum 1 and forming a toner image with a desired density. 

However, if the voltage of the transfer bias in 
positive polarity applied directly to the photosensitive 
drum 1 is a larger valve, the subsequent charging process 
occurs a problem (so-called drum memory) that the voltage 
on the surface of the photosensitive drum 1 cannot be 
uniformed. Due to drum memory, the voltage on the surface 
of the photosensitive drum 1 cannot be uniformed in the 
first charging process, resulting in the difference of 
density of the toner image the next rotational forming 
process and causing a notable image defect especially in 
the case of a half-tone Image. 

Further, when switch timing that the transfer bias 
is switched from V to to V t is slowed down to prevent the 
drum memory, a problem occurs on condition that the transfer 
bias V t is a large value and the required time for switching 
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the transfer bias is a longer time. 

That is, in the case of applying the transfer bias 
with high voltage, such as the transfer bias V t applied 
onto printing member P with bigh resistance, the transfer 
bias V t applied onto the second side of printing member 
P for double-side printing or the transfer bias V t applied 
to low temperature/low humidity environment, etc., a 
transfer defect occurs due to lower transfer bias at the 
tip of printing member P. 

As described above, ih the usage condition, such as 
the type of printing member P, image pattern (density, 
printing ao t rate, etc. ) of a toner image formed on printing 
member P or environment including the image forming 
apparatus, etc. , it is very difficult to prevent the drum 
memory as well as a transfer defect at the tip of printing 
member P . 

SUMMARY OF THE INVENTION 

Taking account of the mentioned problems above, the 
object of the present invention is to provide a revised 
image forming apparatus. 

Further, it is an object of the present invention to 
provide an image forming apparatus and image forming method 
capable of preventing drum memory and a transfer defect 
at the tip of the paper, according to usage conditions such 
as the type of paper , an image pattern and usage environment , 
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thereby Improving image quality due to printlng 

in the first aspect of the present Invention, there 
is provided an image formlng apparat<1Si conlprlsln9! 
an image carrier for holding a toner image 
* a transfer member for transferring the toner image 

formed on the image carrier onto a printing member. 

a voltage application portion for applying voltage 
to the transfer member, the portion switching the voltage 
from first voltage to second voltage that is greater than 
the first voltage so as to transfer the toner image onto 
the printing member at a transfer nip position that the 
-age carrier is confronted with the transfer member 
a mode setting portion for setting a plurality of mode's . 

and 

a voltage setting portion for setting the volta 9 e 
the portion setting the second voltage of a different value 
according to the mode set by the mode setting portion 

wherein the voltage application portion switches the 
voltage from the first voltage to the second voltage at 
^rst tuning before a tip of the printing member reaches 
the transfer nip position when the set mode by the mode 
setting portion is a first mode, and switches the voltage 
from the first voltage to the second voltage at second timing 
that is later than the first timing when the set mode by 
the mode setting portion is a second mode. 

in the second aspect of the present invention, there 
" prOTldea *■> forming apparatus, comprising , 
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an image carrier for holding a toner image, 
a transfer member for transferring the toner image 
formed on the image carrier onto a printing member , 

a voltage application portion for applying voltage 
5 to the transfer member, the portion switching the voltage 
from first voltage to second voltage that is greater than 
the first voltage so as to transfer the toner image onto 
the printing member at a transfer nip position that the 
image carrier is confronted with the transfer member, and 
10 a current detecting portion for detecting electric 

current that flows to the transfer member, 

wherein the voltage setting portion sets the first 
voltage according to voltage applied by the voltage 
application portion so that the electric current detected 
is by the current detecting portion remains constant value 
during a non-transfer process that the toner image is not 
transferred onto the printing member, and 

wherein the voltage application portion switches the 
voltage from the first voltage to the second voltage at 
20 first timing before a tip of the printing member reaches 
the transfer nip position when the first voltage is over 
predetermined voltage, and switches the voltage from the 
first voltage to the second voltage at second timing that 
is later than the first timing when the first voltage is 
25 smaller than predetermined voltage. 

In the third aspect of the present invention, there 
is provided an image forming apparatus, comprising: 
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an image carrier for holding a toner image, 
a transfer member for transferring the toner image 
formed on the image carrier onto a printing member,. 

a voltage application portion for applying voltage 
5 to the transfer member, the portion switching the voltage 
from first voltage to second voltage that is greater than 
the first voltage so as to transfer the toner image onto 
the printing member at a transfer nip position that the 
image carrier is confronted with the transfer member , and 
xo a reverse transporting portion for reversing and 

transporting the printing member to the transfer nip portion 
so as to transfer the toner image onto a second surface 
after transferring the toner image onto a first surface 
of the printing member, 
is wherein the voltage application portion switches the 

voltage from the first voltage to the second voltage at 
first timing before a tip of the printing member reaches 
the transfer nip position when the toner image is transferred 
onto the second surface, and switches the voltage from the 
20 first voltage to the second voltage at second timing that 
is later than the first timing when the toner image is 
transferred onto the first surface • 

In the fourth aspect of the present invention, there 
is provided an image forming apparatus, comprising: 
25 an image carrier for holding a toner image, 

a transfer member for transferring the toner image 
formed on the image carrier onto a printing member, 



- 9 



a voltage application portion for applying voltage 
to the transfer member, the portion switching the voltage 
from first voltage to second voltage that is greater than 
the first voltage so as to transfer the toner image onto 
5 the printing member at a transfer nip position that the 
image carrier is confronted with the transfer member, and 

a voltage setting portion for setting the second 
voltage, 

wherein the voltage application portion, according 
10 to the second voltage set by the voltage setting portion, 
determines the timing for switching the voltage from the 
first voltage to the second voltage based on either first 
timing before a tip of the printing member reaches the 
transfer nip position or second timing that is later than 
15 the first timing. 

The above and other objects, effects, features and 
advantages of the present invention will become more 
apparent from the following description of embodiments 
thereof taken in conjunction with the accompanying 
20 drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view showing a configuration 
25 example of an image forming apparatus according to a first 
embodiment of the present invention; 

FIG* 2 is a block diagram showing a configuration of 
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a transfer b±a S control portion; 

PIG. 3 is a f low chart showing a transfer bias oontrol 
process; 

JIG. 4 is a timing chert of transfer bias oontrol 
5 "«'«*•». to a normal mode ^ low mode . 

PIG. 5 is a timing cnart of transfer b±as 
according to a high mode, 

FIG. 6 is a flow onart showing a transfer bias oontrol 
Proosss aoooroing to a second embodiment of the present 
invention; 

PIG. 7 is a timing onart showing transfer bias oontrol 
according to H/H environment and N/N environment- 

PIG- 8 is a timing ohart showing transfer bias oontrol 
aoooroing to L/L environment; 

PIG . 9 is a timing onart showing conventional transfer 
bxas control as a comparative example of P1G 10 . 

PIG. 10 is a timing chart showing transfer bias control 
according to a third embodiment of the present invention; 

PIG. 11 is a timing chart showing conventional transfer 
bias control. 



DETAILED DESCRIPTION OP PREFERRED EMBODIMENTS 

Kith reference to the attached drawings, embodiments 
of the present invention will be explained in detail below 
L Fix-s t embodiment] 



A first embodiment of the present invention will be 
explained referred to FIG. 1 to FIG- 5* 
< Apparatus configuration 

FIG- 1 shows a laser beam printer incorporated with 
5 a f ixing apparatus as an example of an image forming apparatus 
according to the present invention. 

A reference numeral 8 denotes a controller that 
receives image information and the like transmitted from 
an external apparatus such as a host computer to the laser 
10 beam printer 1 0 and develops the received image information , 
and transmits each command to an engine control portion 
14. 

A reference numeral 14 denotes a engine control portion 
that controls each portion of the laser beam printer 10 
is based on eachcommand received from the controller 8 . 

A reference numeral 100 denotes a transfer bias control 
portion that controls transfer bias applied to the transfer 
roller 5. 

The laser beam printer 10 includes a drum-shaped 
20 electrophotographic photosensitive body (hereinafter 
referred to as -photosensitive drum") 1. 

The photosensitive drum 1 is structured so that a 
photosensitive material such as OPC (organic optical 
semiconductor) , amorphous selenium and amorphous silicon 
25 is formed on a cylinder -shaped drum base made of aluminum 
or nickel and so forth* 

The engine control portion 14 drives a main motor (not 
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shown) . The photosensitive drum 1 is rotated by the main 
motor in the direction indicated by an arrow Rl at a 
predetermined process speed (peripheral velocity) . 

The engine control portion 14 drives a charge bias 
5 power supply ( not shown ) . The charge bias power supply 
applies predetermined charge bias ( i , e . voltage ) to a charge 
roller (i.e. charge portion) 2 and then the surface of the 
photosensitive drum 1 is uniformly charged with constant 
voltage in negative polarity. 

io The engine control portion 14 drives a laser scanner 

(i.e. exposure portion) 3. The laser scanner 3 exposes the 
surface of the photosensitive drum 1 charged with constant 
voltage in negative polarity by the charge roller 2 due 
to a laser beam according to the image information , thus 

is forming an electrostatic latent image on the surface of 
the photosensitive drum 1. That is, the laser scanner 3 
performs the ON/OFF-controlled scanning- exposure 
according to the image information and removes the charge 
in the exposed section to form the electrostatic latent 

20 image on the surface of the photosensitive drum 1. 

The engine control portion 14 drives a developing 
apparatus (i.e. developing portion) 4. The developing 
apparatus 4 develops the electrostatic latent image formed 
on the surface of the photosensitive drum 1 due to a toner, 

25 and the electrostatic latent image is converted to a visible 
image „ As the developing method, a jumping developing method, 
two-component developing method, etc., are used. These 
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methods are often used in combination with image exposure 
and reversal development. Concretely, the engine control 
portion 14 drives a developing bias power supply (not shown ) . 
The developing bias power supply applies predetermined 
5 developing bias voltage (i.e. voltage) to a developing 
roller 4a , and the toner stored in the developing portion 
4 adheres to the electrostatic latent image on the surface 
of the photosensitive drum 1. Thus, the toner adhered to 
the electrostatic latent image becomes the visible image 

10 as a toner image. 

Then, the transfer bias control portion 100 applies 
transfer bias to the transfer roller 5- The toner image 
on the photosensitive drum 1 is transferred onto the surface 
of the printing member P at a transfer nip portion T (I.e. 

is transfer position) that the photosensitive drum 1 is 
contacted with the transfer roller 5. 

However, the engine control portion 14 transports 
printing member P to the transfer nip portion T at 
predetermined timing so that the tip of the toner image 

20 formed on the photosensitive drum 1 is consistent with the 
tip of printing member P. 

Concretely, the engine control portion 14 drives a 
paper feed roller 12 , a carrying roller 20 and resist roller 
13 and so forth. The paper feed roller 12 transports printing 

25 member P stored in a paper feed cassette 11 to the transfer 
nip portion (i.e. transfer member) between the 
photosensitive drum 1 and transfer roller 5 (transfer 
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member) through the carrying roller 20 and resist roller 
13. 

When transporting printing member P to the transfer 
nip portion T, the engine control portion 14 determines 
5 the timing that the tip of printing member P reaches the 
transfer nip portion T based on the timing that the tip 
of printing member P is detected by a top sensor 9, the 
position relationship between the position of the top sensor 
9 and the position of the transfer nip portion T and the 
10 transfer speed of printing member P. 

As described above, the transfer bias control portion 
100 applies transfer bias V t to the transfer roller (i.e. 
transfer portion) 5 at the timing that the tip of printing 
member P reaches the transfer position , and the toner image 
15 on the photosensitive drum 1 is transferred to printing 
member P. 

The engine control portion 14 transports printing 
member P adhered to the toner image to a fixing apparatus 
(i.e. fixing portion) 6 , and heats and pressurizes printing 
20 member P at the fixing nip portion T between a fixing roller 
6a and a pressurizing roller 6b of the f ixing apparatus 
6. 

Then, engine control portion 14 transports printing 
member P to the top surface of the laser beam printer 10, 
25 and thus printing member P is ejected onto an output tray 
10a. 

However, the surface portion of the photosensitive 
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drum 1 passing through the transfer nip portion T keeps 
a toner (i.e. remaining toner) that is not transferred to 
printing member P. The remaining toner is erased from the 
surface of the photosensitive drum 1 by a cleaning blade 
5 7a of a cleaning apparatus (i.e. cleaning portion) 7. 

By repeating the above -described operation . images 
can be formed on the surface of printing member P. 

However the image forming apparatus of this first 
embodiment can print images sequentially on printing member 
10 P„ such as 600 dpi and a printing speed of 45 sheets/min 
(process speed: approximately 266 mm/sec). 

(Transfer bias control portion) 

The operation of the transfer bias control portion 

100 will be explained in detail, 
is FIG. 2 is a block diagram showing a configuration 

example of a transfer bias control portion 100- 

The transfer bias control portion 100 applies a first 

transfer bias to the transfer roller 5 during a non- transfer 

process that the toner image is not transferred onto printing 
20 member P , and applies a second transfer bias that is larger 

than the first bias to the transfer roller 5 during a transfer 

process that the toner image is transferred onto printing 

member P. 

This transfer bias control portion 100 is provided 
25 with a transfer bias switching recognition portion 110 and 
a transfer bias switching control portion 120. These 
portions 110 and 120 , for example, can be constructed as 
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a control program, that performs a process as shown FIG. 
3 described later, in a CPU 5e* 

The transfer bias switching recognition portion 110 
has a function that recognizes the timing for switching 
5 from the first transfer bias during a non- transfer process 
that the toner image is not transferred onto printing member 
P to the second transfer bias during a transfer process 
that the toner image is transf erred onto printing member 
P. 

10 The transfer bias control portion 100 varies the 

magnitude of transfer bias voltage (i-e. second transfer 
bias) when the toner image is transferred onto printing 
member P based on transfer bias mode inputted to the 
controller 8 from an external apparatus such as a host 

is computer . 

The transfer bias switching recognition portion 110 
sets transfer bias voltage (i« e • second transfer bias) when 
the toner image is transferred onto printing member P„ and 
recognizes the timing for switching from the first transfer 

20 bias to the second transf er bias according to the set transfer 
bias mode. 

As described later, the transfer bias switching 
recognition portion 110 recognizes switching timing for 
transfer bias as first timing before the tip of printing 
25 member P reaches the transfer nip portion T when a high 
mode that transfer bias is high is set, and recognizes 
switching timing for transfer bias as second timing that 
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is later than first timing when a normal mode or low mode 
that transfer bias is lower than the high mode is set. 

The transfer bias switching control portion 120 has 
a function for switching the transfer bias from the 
5 non- transfer process to the transfer process according to 
the recognized timing. 

In the first embodiment of the present invention , the 
transfer bias switching control portion 120 switches 
voltage from the transfer bias V to in the non- transfer 
10 process to the transfer bias V* in the transfer process 
at the first timing when high mode is set, and switches 
voltage at second timing that is later than first timing 
when normal mode or low mode is set* 

In FIG. 2, the transfer roller 5 is constructed of 
15 an elastic body 5b , which is a solid-like body made of EPDM, 
silicon, NBR or urethane or a sponge-like body structured 
by foaming the solid -like body, provided on a core metal 
Sa such as iron and stainless steel (i.e. SUS). 

The transfer roller 5 has a roller hardness of 20 to 
20 70 degrees (when loaded with Asker Clkg) and a resistance 
value of the sixth power of 10 (s 10 6 Q) to the ninth power 
of 10 (s 10 9 Q) , and is pressed against the photosensitive 
drum 1 by a pressure spring 5c. This pressure position is 
structured as the transfer nip section T between the transfer 
25 roller 5 and the photosensitive drum 1. 

Furthermore, the transfer roller 5 receives a drive 
force transmitted from a drive gear (not shown) and its 
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rotation is driven in the direction indicated by the arrow 
R5. 

The CPU 5e selectively generates a high level signal 
and a low level signal , thus outputting a PWM (Pulse Width 
5 Modulation) signal with duty ratio according to 256 kinds 
of 0 to 255, A high-voltage power supply circuit 5d applies 
transfer bias according to voltage DC, which is produced 
by smoothing the PWM signal due to a low pass filter 5g, 
to the transfer roller 5. 
io Transfer current that flows from the transfer 5 to 

the photosensitive drum 1 or printing member P is converted 
to voltage by a A/D converter 5f . 

The CPU 5e detects voltage inputted from the A/D 
converter 5f and recognizes the transfer current . and then 
15 varies the duty ratio of the PWM signal if the recognized 
transfer current is different from target transfer current . 

As mentioned above, CPU 5e can control the transfer 
bias so that the predetermined transfer bias is applied 
to the transfer roller 5 and the predetermined transfer 
20 current is flowed to the transfer roller 5, 

However, the transfer bias control portion can set 
transfer bias value according to 256 kinds of 0 to 255, 
For example , the PWM signal, of " 0 * is equal to the transfer 
bias of 0 Vi>c, and the PWM signal of • 255" is equal to the 
25 transfer bias of 6.0 KV DC . 

< Apparatus operation> 

Then, the laser beam printer 10 will be explained* 
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The control of a transfer bias (i.e. voltage) using 
the transfer bias control portion 100 will be explained 
referred to FIG. 1 and FIG. 2. 

When a print instruction is sent from a controller 
5 8 to an engine control portion 14 , the engine control portion 
14 starts to feed the printing member P by the paper feed 
roller 12 and at the same time starts heating up of the 
fixing apparatus 6 and starts a preparatory rotation (i.e. 
initial rotation) of the photosensitive drum 1 before image 

lo forming step. During the initial rotation, the engine 
control section 14 applies predetermined charge bias (i.e. 
voltage) to a charge roller 2 so that the charge roller 
2 keeps the surface potential of the photosensitive drum 
1 to background (i.e. dark portion) potential V A . 

is The transfer bias control portion 100 gradually 

increases the duty ratio of the PWM signal from the CPU 
5e so that predetermined transfer current la flows from 
the transf er roller 5 to the background (i.e. " dark portion " ) 
of the photosensitive drum 1 and adjusts fine registration 

20 of the duty ratio of the PWM signal after the transfer current 
reaches the target transfer current la, and thereby controls 
the PWM signal so that constant current flows to the 
photosensitive drum 1. 

However, the duty ratio of the PWM signal, which is 

25 set so as to obtain predetermined transfer current la , varies 
according to environments (temperature, humidity, etc.) 
including the laser beam printer 10. 
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For example, when the environment is an environment 
with high temperature and high humidity (i.e. H/H 
environment,, the duty ratio of the PWM signal is lower 
than that of an environment with normal temperature and 
normal humidity (i.e. N/N environment, because resistance 
of the transfer roller 5 decreases. 

Further, another example, when the environment is an 
environment with low temperature and low humidity (i e 
L/L environment ) , the duty ratio of the PWM signal is higher 
than that of an environment with normal temperature and 
normal humidity (i.e. N/N environment, because resistance 
of the transfer roller 5 increases. 

Accordingly, the duty ratio of the PWM signal, which 
XS Set S ° aS t0 obtain Predetermined transfer current la 
becomes a barometer indicating an environment including 
the lasear beam printer 10. 

On the other hand, as the condition that transfer 
efficiency when the toner ^age is transferred onto printing 
member P is constant in spite of the environment including 
the laser beam printer 10 , it is desirable that the transfer 
current is constant despite environments. 

Then, the transfer bias control portion 100 determines 
the transfer bias V t when the toner image is transferred 
to printing member P based on the duty ratio of the PWM 
signal that is set so as to obtain predetermined current 
la during initial rotation. 

The transfer bias control portion 100 calculates the 
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average value of the duty ratio of the PWM signal that is 
produced so that predetermine* transfer current la is flowed 
to the transfer roller 5 during initial rotation, and 
memorises the oalculated average value as PWMO ,i a 
■ transrer bias voltage aooording to PWMO is v„, i„ . mamery 
(not shown, or the CPU 5e. and further determines the duty 
ratio PWM1 H ... trans£er blas VQltage accQraing ^ pwMi 

« V.) of the PWM signal for outputting transfer bias (1 e 
voltage, v t during the transfer process. 

in the first embodiment. PWMI is determined based on 
a control equation shown in a linear equation including 
PWMO. More specifically. PWMI ls expressed by t 

PWMI -Ax PWMO + B ••-(!, 

KhereAandBdencteconstants.Thereisalinear relationship 
between the PWMI value ^ transfM ^ 

PWM value is determined and thus the transfer bias voltage 
V t is determined. 

As described above, the transfer bias centre! portion 
determines PWMO during initial rotation and PWMI is 
determined due to the PWMO. Coefficients A and B for 
calculating PWMI due to PWMO. of the equation CI, above 
always may be used as the same values, but. in the first 
embodiment, three coefficients can be used according to 
the types of printing members p. 

As mentioned above, the resistance of the transfer 
roller 5 and the resistance of the printing member P vary 
according to the environment including the laser beam 



- 22 - 



printer 10. Accordingly. PKM1 is oaloulated based _ ^ 
that is set aurlng lnitial rotatton aM ^ ^ pQssibie 

to cope with the fiuotuation oe the tMns£er eM ic 
due to the environment. 

5 P th "r7 ar ' there ±s a wide vatiety °* — -» 

printer 10 and resists, etc.. var lM m the same 
envl.on.aent. Thua. it is »e Mssaiy to ^ tne 
bias V t different vol taga according to ^ type 

10 printing member P in orrloi- <-„ „. » . 

° raer to obtain constant efficiency 
even with the type of the printing member P. 

Then, in the first embodiment, as modes for setting 
the transfer bias v t . high mode, norma! mode and low mode 

ere provided, xn each mode, coefficients A and B of the 
elation (1) _ ^ ^ ^ ^ 

coefficient A is set to Ah in the high mode and is set to 

1! ^ n0tmal """^ ^ iS -= *> - the low mode. 
Further, a coefficient B is set to Bh in the high mode and 
is set to Bn in the normal mode, and is sat to Bl in the 
20 low mode. 

Then, the equations (2) to (4) below show the result 

p1^ S CalOUlati ° nS - "»* is ' «>« e^tlon < 2) snows that 
™ » PKM1 in the high mode is calculated, .he elation 
(3 ) shows that PKMln as pwhi in the normal mode is calculated 
The equation ,4, shows that PWMH aS PW„i in tne low mOQe 
is calculated. 

PWMlh = Ah x PWM0 + Bh ---(2) 
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PWMln - An x PWMO + Bn • • • ( 3 ) 

PWM11 = Al x PWMO + Bl -•*(4) 
Here, the relationship of PWMlh, PWMln and PWM11 is 
defined as the equation (5) below. 

5 PWM11 < PWMln < PWMlh (5) 

However, the normal mode is a mode for a plain paper 
which is generally used. The high mode is a mode that the 
transfer bias is set higher than the normal mode to present 
transfer defects from owning over a thick paper or a high 
10 resistance, etc. Further, the low mode is a mode that the 
transfer bias is set low to prevent image defects such as 
drum memory or transfer penetration, etc. , from occurring 
over a plain paper or half-tone image. 

As the transfer bias V t in each mode, V tll is set in 
is the high mode and V tn is set in the normal mode, and V ti 
is set in the low mode. 
(Transfer bias control process) 

A specific example of transfer bias control process 
will be explained referred to FIG. 3 to FIG. 5. 
20 FIG . 3 is a flow chart showing the transfer bias control 

process . FIG- 4 is a timing chart of the transfer bias control 
in a normal mode and a low mode. FIG - 5 is a timing chart 
of the transfer bias control in a high mode. 

First, the transfer bias control portion 100, after 
25 processing is started by a print instruction a PWMO (V to ) 
value is obtained (step S101) - 

The transfer bias control portion 100 selects one among 
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the equations ( 2 ) to ( 4 ) based on the obtained PWMO value 
and the set transfer bias mode, and determines PWM1 (V t ) 
(step S102) . 

The transfer bias control portion 100 determines the 
5 switching timing when PWMO (V to ) is switched to PWM1 (V t ) 
based on the set transfer mode, and switches the transfer 
bias at predetermined timing after the top sensor 9 detects 
the tip of the printing member P (step S103). 

In the first embodiment, as shown in FIG- 4, the 
10 transfer bias control portion 100 switches the transfer 
bias the instant the paper reaches the transfer nip portion 
T to prevent transfer defects from occurring at the tip 
of a plain paper in the normal mode and low mode (step S104) . 
As shown in FIG. 5 r in the high mode, PWMO (V to ) is 
15 switched to PWM1 (V t ) 30 ms (transfer bias power supply 
rising time) before the paper reaches the transfer nip 
portion T so that the transfer bias PWM1 (V t ) is surely 
applied from the tip of the paper (step S105). 

Then the transfer bias control portion 100 keeps the 
20 transfer bias at PWM1 (V t ) when the paper is passing and 
switches the transfer bias from PWM1 (V ti ) to PWMO (V to ) 
in synchronization with the rear end of the paper. During 
a non-transfer process # the transfer bias is kept at PWMO 
(V to ) (step S106). 
25 The transfer bias control portion 100 checks whether 

a specified number of prints is reached or not and printing 
is continued until the specified number of prints is reached 
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(step S107) by using the same printing procedure. 
(Experiment examples) 

Experiment examples of the transfer bias control 
process will be explained. 
5 Table 1 shows the probability of occurrence concerning 

the drum memory according to each transfer bias mode under 
the transfer bias control process of this example. 

(Table 1) 

Drum memory according to each transfer bias mode 



Transfer bias mode 


Plain paper (Xx75g/m 2 ) 


High mode 


Much generated ( * ) 


Normal mode 


Little generated (A) 


Low mode 


Not generated (O) 



10 O : Superior Grade M x • Inferior Grade , A : Middle 
Xx denotes Xerox plain paper 

As shown in Table 1, it is possible to prevent the 
drum memory from occurring by switching the transfer bias 

15 from PWMO to PWM1 at the tip of the paper according to the 
normal mode or low mode. The reason that the probability 
of occurrence concerning the drum memory of the low mode 
is a lower level than that of the normal mode is that the 
transfer bias V t according to the low mode is smaller than 

20 that of the normal mode and thus the low mode has 

Table 2 shows the probability of occurrence concerning 
the transfer defect at the tip of the paper according to 
each transfer bias mode. 
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(Table 2) 

Transfer* defect at the tip of the paper according to 
each transfer bias mode 



Transfer bias 
mode 


Plain paper 
(Xx75g/m 2 ) 


High-resistance 
Paper (NB60g/m 2 ) 


High mode 


Not generated (O) 


Not generated ( O ) 


High mode *1 


Not generated (O) 


Little generated (A) 


Normal mode 


Not generated (O) 


Little generated (A) 


Low mode 


Little generated (A) 


Much generated ( x ) 



O: Superior Grade, x- Inferior Grade , A: Middle 

5 



In the high mode *1 of Table 2, switching timing of 
Voltage from to V to is the same as the normal mode. 

In the plain paper according to other modes except 
the low mode of Table 2 , no transfer defect occurs and thus 

10 an image of high cpiality can be obtained. In the 

high-resistance paper of Table 2, a little transfer defect 
occurs in the normal mode, but the image of high quality- 
can be obtained without the occurrence of the transfer defect 
at the tip of the paper, 

15 Thus, for the user who uses the plain paper, it is 

possible to provide images of high quality without the drum 
memory or the transfer defect at the tip of the paper in 
the normal mode (i.e. default) as the transfer bias mode. 
Furthermore , for the user who uses the high-resistance paper 

20 and worries about the transfer defect at the tip of the 
paper, it is desirable to select the highmode as the solution 
of the problem, 
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According to the first embodiment described above, 
the transfer bias control portion 100 switches the transfer 
bias at first timing before a tip of the printing member 
P reaches the transfer nip portion in the case of the high 
5 mode that the transfer bias is set higher on condition that 
prevention against the transfer defect takes priority over 
prevention against the adverse effect on the drum memory. 

Further, the transfer bias control portion 100 
switches the transfer bias at second timing that is later 

10 than first timing in the case of the normal mode or the 
low mode that the transfer bias is set lower than that of 
the high mode on condition that prevention against the 
adverse effect on the drum memory takes priority over 
prevention against the transfer defect. 

is Therefore, the occurrence of the transfer defect that 

is easier to generate when the transfer bias is set higher 
can be prevented, and also the occurrence of the drum memory 
that is easier to generate when the transfer bias is set 
lower can be prevented, 

20 [Second embodiment] 

A second embodiment of the present invention will be 
explained referred to FIG. 6 to FIG. 8- the same parts as 
the first embodiment described above are assigned the same 
reference numerals and explanations thereof will be 

25 omitted. 

In this example , an operating environment is detected 
by using a temperature characteristic of the resistance 
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value of a transfer roller made of an ion conductive material 
(NBR r etc.), and the control for switching the timing is 
performed so that the transfer bias is switched from PWMO 
(V to ) to PWM1 (V t ) according to the detected operating 
5 environment . Other conditions are the same as those of the 
first embodiment mentioned above. 
(Detection of operating environment) 

As shown in this example, when the transfer roller 
made of an ion conductive material (NBR, etc.) is used, 
10 the PWMO value as the transfer bias PWM control value can 
be shown in Table 3 under each environment. Furthermore, 
the resistance value of the transfer roller 5 of this example 
is 4xl0 7 Q to 8xl0 7 Q. 
(Table 3) 

is PWMO value under each environment 





H/H 

environment 


N/N 

environment 


L/L 

environment 


PWMO Value _j 


60 to 70 


75 to 100 


105 to 255 



As shown in Table 3, the transfer roller resistance 
value varies at a lower lever under high temperature /high 
humidity environment (H/H environment) and varies at a 

2 o higher level under low temperature / low humidity environment 
(L/L environment). Therefore , the PWMO value decreases 
under the H/H environment and increases under the L/L 
environment- Due to this characteristic, it is possible 
to detect the operating environment. 

25 However, Table 3 is stored in a memory (not shown) 
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and is compared to the PWM0 value ±s £oun<j from ^ 
shown m F1G . 6 . thereby Juaglng envlronment 
the laser beam printer 10. 
s (Transfer bias control prooess) 

Aspecifioexa^pieorthetransrerblascontrolprooess 
will be explained referred to PIG. 6 to PIG. 8. 

FIG. 6 is a flowchart showingthe transferees control 
process. „ G . 7 ls a tiJniag ^ ^ 

control under an H/„ environment and N/N environment . FIG 
8 is a tiding chart of the transfer bias control under an 
L/L environment. 

First, the PWM0 (V„, value is found (step S201, and 
the PWM1 (Vt , value is calculated from the detained PWM0 
" (V t J value (step S202). 

PWMO (V^, value, the switching timing of the transfer bias 
value is determined and the transfer bias is switched at 
Predetermine timing based on a detection signal of the 
20 top sensor (step S203). 

In this example, as shown i„ PIG . 7 maer the 
environment or the N/N environment that the resistance of 
the transfer roller 5 and the photosensitive drum 1 ls low 
and the drum memory is easier to occur, the transfer bias 
xs switched from P^o (v„, to pwm (Vt) the inBtant ^ 
Paper reaches the transfer nip portion T (step S204) 

As shown in FIG. 8, under the L/L environment that 
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the resistance of the transfer roller 5 and the paper Is 
high an, the transfer def eot is easier ^ ^ ^ 

bras is switched 30 ms (i.e. the rising time of the transfer 
bras power supply, before the paper reaches the transfer 
nip portion T (step S205). 

Then, the transfer bias Is kept at PWU (v t , w h s„ the 
paper Is passing through, the transfer bias is switched 
from PWH! (Vt) to pHM0 {Vto) ^ synchronlzatton Kith 
rear end of the paper and is kspt at PWM0 ^ 
t— corresponding to a gap between papers (step S206) 
Then. It is cheeked whether the number of prints Is 

reached to a predetermined valne or not and printing is 

oontinned as the same procedure so as to obtain the 

predetermined value (step S207). 

(Experiment example) 

An experiment example of the transfer bias control 
process will be explained. 

Table 4 snows the probability of occurrence concerning 
the drum n^ory under each environment in the transfer bias 
control process of this example. 
(Table 4) 
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Drum memory under each environment 



Control 
Process 


H/H 

environment 


N/N 

environment 


L/L 

environment 


Convent lonal 


Much generated 
(*) 


Little 

generated ( A ) 


Not generated 
(O) 


The present 
Invention 


Not generated 
(O) 


Not generated 
(O) 


Not generated 
(O) 



O: Superior Grade, x = Inferior Grade, As Middle 



As shown in Table 4, in the conventional control 
s process, the drum memory normally occurs under normal 
environment (N/N) or high temperature /high humidity 
environment (H/H), In the control of this example, drum 
memory does not occur under the normal environment (N/N) 
or high temperature /high humidity environment (H/H) «. 
10 Table 5 shows the probability of occurrence concerning 

the transfer defect at the tip of the paper under each 
environment . 
(Table 5) 

Transfer defect at the tip of the paper under each environment 



Control 
Process 


H/H 

environment 


N/N 

environment 


L/L 

environment 


Convent ional 


Not generated 
(O) 


Not generated 
(O) 


Not generated 
(O) 


The present 
invention 


Not generated 
(O) 


Not generated 
(O) 


Not generated 
(O) 



is O: Superior Grade, x- inferior Grade, A i Middle 

As shown in Table 5, in the transfer bias control 
process of this example , the transfer defect does not occur 
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at the t±p of the paper under each environment as the same 
the conventional control process. 

However, in this example, operating environment is 
detected by the PWMO value and the switching timing of the 
5 transfer bias is changed to the predetermined value based 
on the operating environment. However, the same effect can 
be obtained by means of a method for detecting the operating 
environment based on a temperature/humidity sensor, etc. 
As described above, the operating environment is 
10 detected and the timing is switched so that the transfer 
bias is switched from PWMO (V to ) to PWM1 (V t ) based on the 
detected information , thereby prevent ing image defects such 
as the drum memory and the transfer defect at the tip of 
the paper. 
15 [Third embodiment] 

A third embodiment of the present invention will be 
explained referred to FIG. 9 and PIG. 10. The same parts 
as the first embodiment and the second embodiment described 
above are assigned the same reference numerals and 
20 explanations thereof will be omitted. 

In the third embodiment , the switching control of the 
timing is performed so that the transfer bias is switched 
from V to to V t over the first side as well as the second 
side of the paper during automatic double -side printing. 
25 Other conditions are the same as those of the aforementioned 
embodiment s „ 

In the third embodiment , the control for switching the 
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timing is performed so that the transfer bias is switch 
from V to to V t between the first side and the second side 
during the automatic double- side printing. Other 
conditions are the same as those of the first embodiment 
5 mentioned above. 

However , in this third embodiment , when the transfer 
bias control portion 100 f obis an image onto the first side 
and the second side of the printingmember P , the coefficients 
A and B of the equation ( 1 ) become different values between 

10 the first side and the second side. 

Concretely, the transfer bias control portion 100 
calculates PWM1 for applying the transfer bias V tx by using 
the equation ( 6 ) below when forming the image onto the first 
side of the printing member P, and calculates PWM2 for 

is applying the transfer bias V t2 by using the equation (7) 
when forming the image onto the second side of the printing 
member P. 

PWM11 m Al x PWM0 + Bl •••(6) 

PWM12 = A2 x PWM0 + B2 (7) 

20 Here, PWM11 and PWM12 are related to the equation (8) 

below. 

PWM11 < PWM12 -••(») 

(Transfer bias control process) 
25 A specific example of the transfer bias control process 

will be explained referred to PIG. 9 and FIG. 10, 

FIG. 9 is a timing chart concerning the conventional 
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transfer bias control process shown as a comparative example . 
FIG . 10 is a timing chart concerning the transfer bias control 
process according to the present invention. 

In the conventional transfer bias control shown in 
FIG. 9, the timing that the transfer bias is switched from 
V to to V t is easier than the timing that the tip of the printing 
member P reaches the transfer nip portion T concerning a 
time corresponding to the rising time (approximately 30 
ms) of the high voltage power supply circuit (i.e. the 
transfer bias power supply circuit ) . 

On the contrary, in the transfer bias control process 
of the third embodiment , the switching timing of the transfer 
bias for the second side remains the same as that of the 
conventional control, whereas the switching timing of the 
transfer bias for the first side is controlled so that it 
is delayed to an extent that the transfer defect at the 
tip of the plain paper does not occur. 
(Experiment example) 

An experiment example of the transfer bias control 
process will be explained. 

Table 6 shows the probability of occurrence concerning 
the drum memory on each side under the transfer bias control 
of this example. 
(Table 6) 
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Drum memory on each side 



Transfer bias 
Control 


First side 


Second side 


Conventional 


Little generated (A) 


Little generated (A) 


The present 
Invention 


Not generated ( O ) 


Little generated (A) 



O: Superior Grade, *; Inferior Grade, A: Middle 



As shown from Table 6 , the drum memory occurs on both 
5 the first side and the second side under the conventional 
control , and the drum memory on the first side can be improved 
tinder the control of the present invention „ 

Table 7 shows the probability of occurrence concerning 
the transfer defect at the tip of the paper during automatic 
lo double- side printing under the control of this example. 
(Table 7) 



Transfer defect at the tip of the paper on each side 
during automatic double -side printing 



Transfer bias 
Control 


First side 


Second side 


Convent ional 


Not generated (O) 


Not generated (O) 


The present 
invention 


Not generated (O) 


Not generated (O) 



O : Superior Grade , x : Inferior Grade , A : Middle 



15 

In the transfer bias control process of this example, 
the transfer defect at the tip of the paper does not occur 
on both the first side and the second side* Thus, the 
probability of occurrence concerning the transfer defect 
20 of the control of the present invention is equivalent to 
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or superior to that of the conventional control. 

As described above, by switching the timing so as to 
switch the transfer bias from V to to V t between the first 
side and the second side during the automatic double -side 
5 printing, it is possible to completely prevent the transfer 
defect at the tip of the paper on the second side that the 
transfer defect is easier to occur, and at the same time 
it is also possible to prevent the transf er defect at the 
tip of the paper on the first side due to the drum memory. 

10 Therefore , this allowed the image quality during printing 
to improve remarkably compared to the conventional transfer 
bias control. 

The present invention may be applied to a system 
constructed of a plurality of devices {e.g. , a host computer , 

is an interface device, a reader, a printer, etc.) or to a 
single device (e.g. , a small image process device such as 
PDA (Personal Digital Assistant ) or a copier and a facsimile 
apparatus ) • 

Furthermore, it goes without saying that the present 
20 invention is also applicable to a case where the present 
invention is implemented by supplying a program to a system 
or apparatus. The effects of the present invention can 
also be attained in that a storage medium storing a program 
represented by software for implementing the present 
25 invention is supplied to a system or apparatus r and a computer 
( or a CPU or MPU ) of the system or apparatus reads and executes 
program codes stored in the storage medium. 
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In this case, the program code read from the storage 
medium themselves realizes the functions of the 
aforementioned embodiments and then the storage medium 
storing the program code includes the structure of the 
5 present invention. 

As such a storage medium for supplying the program 
codes, a floppy (registered trademark) disk, a hard disk, 
an optical disk, a magnet -optical disk, a CD-ROM, a CD-R, 
a magna tic tape, anon -volatile memory card ( IC memory card) , 

10 a ROM (mask ROM, flash EEPROM, etc.) can be used. 

Furthermore, it goes without saying that the present 
invention is applicable to not only a case that program 
codes read from the computer is executed and the functions 
of the aforementioned embodiments are realized but also 

15 a case that the OS (operating system), etc. r operating on 
the computer performs part of or all the actual process 
based on instructions of the read program codes and the 
functions of the aforementioned embodiments are realized 
based on the process. 

20 It further goes without saying that the present 

invention is also applicable to a case that program codes 
read from a storage medium are written to a memory provided 
for a function expansion board inserted in the computer 
or a function expansion unit connected to the computer, 

25 and then the CPU, etc. , provided for the function expansion 
board or the function expansion unit performs part of or 
all the actual process based on instructions of the read 
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program codes and the functions of the aforementioned 
embodiments are realized based on the process . 

As described above , according to the present invention , 
a switching timing condition for controlling the switching 
5 timing from first transfer bias during a non-transfer 
process to second transf er bias during a transfer process 
is recognized , and the switching timing of the transfer 
bias from the non-transfer process to the transfer process 
is switched according to the content of the recognized 

xo switching timing condition, and thus by preliminarily 
setting the switching timing conditions such as a transfer 
mode , operating environment , side information on the first 
side and second side of double-side printing, it is possible 
to switching on- timing of the transfer bias based on the 

is set content , thereby completely preventing image defects 
such as the drum memory and the transfer defect at the tip 
of the paper and considerably improving image quality during 
a printing process compared to that of the conventional 
transfer bias control. 

20 The present invention has been described in detail 

with respect to preferred embodiments , and it will now be 
apparent from the foregoing to those skilled in the art 
that changes and modi f icat ions may be made without departing 
from the invention in its broader aspect, and it is the 

25 intention, therefore, in the apparent claims to cover all 
such changes and modifications as fall within the true spirit 
of the invention . 
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